Abstract We have developed a technology that enables the creation of TV-program-like CG animation generated automatically from text-based script. We call this technology "T2V (Text-To-Vision)" and have developed a PC application that we call the "T2V Player." The application allows users to create animations instantly by simply typing in text in a customary fashion as when writing on a word processor. The T2V Player employs a unique framework with a capability to accommodate any text processing module to realize any type of text-to-animation conversion. The T2V Player is not only an animation tool for writers creating animations from their texts, but also an application of various text-to-vision services such as automatic animation generation form Web sites and other text sources. This paper describes the concept of T2V and the technical specifications of the T2V Player and its benefits.
Introduction
It is common today to see digital content made by nonprofessionals. This is particularly true on the Internet where numerous armature movies can be found in blogs and Social Network Systems such as Facebook, Twitter, etc. and in movie sharing services such as YouTube.
However, TV-program-like film clips with high production value are found less frequently. There is still a considerable barrier to the creation of this type of content for non-professionals.
Based on this background, we have been developing a technology of producing TV-program-like CG animations (CGA) automatically from text-based script. We call this technology "T2V: Text-To-Vision" (Fig. 1) . One of the significant characteristics of TV content is its large variety. The genre of TV programs includes news, drama, reality shows, sports, variety, music, education etc. The TV program production industry has accumulated production methodologies for many years.
But these methodologies have not been made readily available to non-industry individuals. Our aims are to open the rich TV program production methodology in the world of UGC (User-Generated-Content).
To facilitate this, we have developed a PC application that we call the "T2V Player". This application allows users to create animations instantly by simply typing in text in a customary fashion as when writing on a word processor. This is expected to lower the barrier to the creation of CGA dramatically.
The T2V technology is built with the TVML (TV program Making Language) which was proposed by NHK (Japan Broadcasting Corporation) 1) . TVML is designed as a special computer language that describes the content of TV program. A TVML Engine creates the complete CG-
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Related work
In this chapter, we will survey related work of text visualization, which is the basic concept of the T2V.
Text visualization
Technology to generate animation from text is called "Text-to-animation" and has been studied for many years. In particular, the research on analyzing text written in natural language to visualize the written text by CG has been mainly carried out in the area of Artificial Intelligence (AI.) 6) In this text-to-animation research area, many attempts have been made. Three such examples are "WordsEye" 7) which generates a static CG scene from given text written in natural language, another is "Confucius" 8) which uses 3D
modeling/animation techniques with natural languageunderstanding technology to achieve higher level animation generation, the last one is the automatically converting annotated fiction text into 3D animations 9) .
These are only relatively successful as there are many difficulties to overcome; Such as: managing the ambiguity of natural language, how to give appropriate attributes to CG objects, how to design autonomous virtual agents and so on. In fact, the trials of rebuilding appropriate animation analytically from any given arbitrary instruction written in natural language, often tend to result in incomplete visual representation confined to a very narrow application domain.
On the contrary of this straightforward AI method, there is another approach for the problem. This approach focuses on TV-program-like animation providing users with an "authoring tool" instead of the user providing arbitrary text to make animations. There are a variety of services currently available especially on the Web. These are, for example, "Xtranormal", "GoAnimate", "SitePal" etc. Among these services, the "Xtranormal" is particularly good. Users can create highquality CG animations and publish results by pressing a few buttons followed by typing in the speech text and specifying character actions and camera work etc. by using a special GUI (Graphical User Interface) provided on the Web browser. This service is popular and many movies have been uploaded on the site. However, the service has been completed on the Web and is limited by the user creating animations through the GUI on the Web page. Therefore, it is not a simple structure to create animation from text which we intend to realize with the T2V. Other services such as "GoAnimate" and "SitePal" are similar in this regard.
Studies based on TVML
As mentioned in the introduction, T2V is based on TVML. TVML is unique as a language to describe and generate TV programs at a script level. NHK, which
proposed TVML, has performed several studies based on TVML 10)-12) . The studies are primarily for TV content production in the present TV industry. While the aim of the T2V is to encourage UGC through user communities on the Internet.
As an animation production tool using TVML, Digital
Movie Director (DMD) has been studied for years 13) .
DMD is an authoring application with a dedicated GUI.
A user can create CG animation on a PC with the DMD installed, and then publish it on the Web. The structure of the GUI in DMD is similar to that of "Xtranormal" mentioned in the previous section. DMD uses the TVML internally, however, the TVML is hidden from the user.
In addition, since the script is not a plain text like as is the case in the "Xtranormal", it cannot be applied to non-production purposes such as automatic movie generation, which is explained later in this paper.
Next, we will introduce TVML, which is the base technology of T2V, followed by the description of the technical details of the T2V.
TVML
As mentioned above, T2V technology is built on the TVML. In this chapter, we will explain the TVML to help the comprehension of the T2V technology described in the next chapter.
The language
TVML is a special computer language designed to produce TV-program-like CG animation by a computer.
Unlike programming languages, the nature of the TVML is rather a "scripting language" which is similar to a script structure used in actual TV production. to the basic elements used in the real TV production shown in Table 1 . As seen in this table, the TVML covers almost all the functions needed to produce information types of TV programs. Each event provides number of commands, and each command has a number of parameters that specify the behavior of the command.
In the example script shown in Fig 
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Mechanism of T2V
The basic concept of T2V is "to visualize any arbitrary text". However, our approach is not to make a complete text-to-animation AI machine with the capability of interpreting any arbitrary input text given by users in natural language as explained in section 2-1. Instead of developing an "Ultimate Machine", we provide a framework enabling many types of text-to-animation engines made by developers. As a method to achieve this, we provide a plug-in socket for modules to process the given text string as an input to generate a TVML script which is then fed into the TVML Engine and played back in order to obtain the final CG animation. referred by the TVML Engine when it is played back.
T2V Player
T2V Player is developed as one of the applications using the FIL framework as described in the previous section. The T2V Player is developed to allow users to create animations instantly by typing in text as done when writing words on an ordinary word processor. The specification of the text is designed intuitively so that non professionals and without previous knowledge can easily create animations with it.
The application runs on a Windows PC. Table 2 shows an excerpt from the specification of the command and the tag used in the T2V script.
Approximate sixty commands and eight tags are provided in the current version. Fig. 8 shows an example of the script written using the commands and the tags. commands and tags by adding the corresponding template to the FIL description.
The T2V Player provides a list of show formats from which users can choose and apply to the text input. 
Field test of T2V Player
The Japanese version of the T2V Player has been distributed as freeware 14) since The results were positive and each of the participants successfully created their scripts. We can say that this proves its usability that enables non-professionals to create their own CG animations with the T2V Player.
The evaluation of the quality of those twenty animations is inevitably subjective. However, one script out of the twenty was deemed particularly well made resulting in a high-level production. This suggests that the T2V player is not only an easy-to-use animation tool but also an effective content creation tool, which could produce According to the comments, we can say that the T2V Player clears the basic functional requirement needed for making animations. However, there is still a room for improvement to enhance the usability and functionality.
Automatic movie generation
In this section we will introduce uses for the T2V Player beyond that of an animation production tool. The T2V Player can be used for automatic visualization of existing textual information. As an example, we will describe an automatic news-show generation from HTML used for News sites. This is also an example of how to use cascaded two or more FILs in the T2V Player. 
Conclusion
In this paper, we described the T2V technology, which enables users to create CG animation automatically from text-based scripts. We have developed the PC application named "T2V Player" and have distributed it as freeware 14) encouraging UGC. The T2V Player is have also developed an automatic news show generation function in the T2V Player. This is done by converting HTML from the Internet news site to a TVML script by using two cascaded FILs.
We consider that the T2V Player is not only a useful tool for UGC but also a valuable tool for various textvisualization applications using text-processing techniques. We now aim to develop the system further to create a more interactive and intelligent television system based on the T2V technology.
